High-resolution patterning of luminescent porous silicon was achieved by a photosynthesis method. Porous silicon was selectively formed on Boron doped p+ regions with uniform photo-irradiation. Tlrm stripe porous regions exhibited clear visible photoluminescence. The mechanism of the selective formation is discussed from the viewpoint of how photo-generated holes arc accumulated. The resolution limit in the present method will be given by the widths of depletion layers at p-n junctions, and the formation of sub-micron patterns of luminescent porous silicon will be possible.
Introduction
For the future applications, selective formation of luminescent porous areas will be desirable to realize silicon optical devices integrated on silicon electronic circuits. In this paper, we report on a new selective formation method of luminescent porous silicon by photoirradiation on a Si surface with a built-in p-n potential distribution. The mechanism of the selective formation and the limit of the spatial resolution will be discussed.
Experimental Procedure
Silicon wafers examined were n-(l1l) silicons with resistivities of 0.0lQcm(n+) and l5Qcm(n-) and p- (111) 3. Results and Discussion Figure 1 shows the cross-section of the porous layer observed with a secondary-electron microscope (SEM).
The sample was n- (111) In our previous reports on the photosynthesis of porous silicon on uniform surfaces, the porous layers were formed on n-Si surfaces, not on pSi surfaces. [3] This was interpreted to be due to ttre bending of surface potentials as shown in Fig. 2(b) for a n-Si surface. Therefore, the dependence of the porous layer formation on the substrate conductivity was examined.
Pr sffipe regions were formed on other Si surfaces with different conductivities by the same diffusion method. The porous layer thickness prepared with the same photosynthesis conditions was dependent on the substrate conductivities as shown in Fig.3 . The fastest porous layer formation was observed on the n* substrate, ood it was the slowest on the p+ substrate.
The depth chemically etched from the surface during the photosynthesis also showed the same tendency.
Following the mechanism discussed above, the observed conductivity dependence was examined from However, the interval of the stripes was 2OO*55Opm and was comparable to the diffusion length of holes in n+ silicon. Therefore it is probable that holes photogenerated on n-type surfaces diffuse along the surfaces toward p+ regions before they take part in surface reactions on n-type surfaces. Figure 5 shows p+ stripe width dependence. The formation enhancement was observed in narrower stripes. This result indicates that holes generated in the region between stripes were accumulated in the p+ regions.
We examined the possibility of fine pattern formations of luminescent porous silicon. A sample that has various widths of Boron doped stripes on the n* surface was prepared. Figure 6 shows the photoluminescence image observed with weak ultraviolet light irradiation. Every stripe showed high contrast red luminescence. The narrowest luminous stripe obtained was about7pm, the width of which was almost similarto that of porous layer.
The spatial resolution of the luminescent region is essentially limited by the width of the depletion layer at the p-njunction from the above-discussed formation mechanism. The depletion layerin the case of the p+-n+ junction is less than 0.|pm, and the high spatial resolution is expected. 
